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- Process for producing quality-improved water-absorbent polymers and products. 



^ *>•$ nvention retates to a process for producng a Quality improved water-absorbent polymer m which the 
yjuecus wqwd' i*» «h«ch «s obtained by mmng <n an aauebus medium' at (east one kind of a *aier-soiubte salt ( 
a > se acted from a group of naiogenated ccmoounds sulfates, acetates, and nitrates, which are derived from at 
east ve **nd o* a ootyvaient metal selected from a group of aluminum catoum. and magnesium with at least 
one «>nd of a *ater-so<uoie salt ( B > selected *om a group of monovalent metal sans and ammonium salts. 
»»>z* jre derived f*om at 'east one lond of an o«yaod selected from a grouo of suifurous acid and thiosuifunc 
ac"3. •* mt«ed «>tn a *are*-aosoroent polymer mi » .n a proportion of that the water-soluble salt of the ootyvalent 
met* A . .V n a range of 0 t - 10 pans by we«ght against i00 parts by weight of the water-absorbent polymer 
■ it » <rd wrer-so*uO*e salt of me o«yaod t 8 r <s m a range of 0 1 * 10 parts by weight against 100 parts by 
*e*j*» ct '*e water -aosoroent polymer f il ) The mixture which ts obtained by muring the aqueous liquid { i ) 
£^wttn *he *aier*dOSc«bent ootymer t u t has relatively -improved capacities m the fluidity and the amount of 
QQres4duai monomers This invention disoiays a more sufficient effect by compuisonly ormging me mixture into 

^.contact with an o*ygen-contamtng gas 
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Process for Producing Quality-improved Water-Absorbent Polymers and Products 



BACKGROUND OF THE INVENTION 



The present invention relates to orocess for producing quality-improved water-absorpent polymers 
which have broad utility not only for sanitary materials such as physiological napkins, paper diapers, and 
the like, but also m a variety of fields such as farming and gardening, foods, and the like. 

in recent years, the water-absorbent polymers have been used not only for sanitary materials such as 
physiological napkins, paper diapers, and the like, but also for materials, which require water-absorbent and 
water-holding properties, such as water-holding agents for use m farming and gardening. 

As the water-absorbent polymers of that kind, for example, have been known" the cross-linked materials 
of par tiaJiy -neutralized products from poiyacryiic acid, hydrolysis products of graft polymers of starch w.th 
acryiomtnle. neutraiy zanon products of graft polymers of starch with acrylic acid, saponification products of 
copolymers of vinyl acetate with acrylic acid esters, and hydrolysis products of copolymers of acrytomtnle 
or aery (amide or these cross-imked materials. 

However mere nas been known for mese water* absorbent polymers a problem thai, due to brocking 
cnenomenon among the polymer particles under a high humidity condition, fluidity becomes lower and 
nandimg becomes difficult Although several attempts to improve the fluidity of these water-absorbent 
Doivnr.ers nave reen earned out ( Jaoanese official patent provisional publications, show a 56-103208 and 
61-97333 and JSP 4295987 ). satisfactory imorovemem nas not yet been acmeved because of complica- 
tion of candling and decrease of the water -absoroent capacity 

On rne ,Mn* nana, m ;ne Japanese official patent provisional publication, showa 62-7745. there has 
>*er >oen<?d a -netnoo *n«fem. to prevent me breeding of waterabsoroent polymers, a quality-improved 
*i:e<*icsoiOcrt z >yrrer s produced with spraying an acueous solution of aluminum sulfate for a water- 
-icscc«nt. ;c*vmor using an aooratus for spraying and arymg. Also, m the USP 4043952 there has been 
•woo J j *r-f«,n a quality -improved water absorbent ooiy mer is produced with undergoing surface 
"-ardent •« j :isocf$ion -medium containing a oo*waient metaiic ton such as aluminum etc { for exampie. 
a ir...tjfe sciut.cn >t methanol and water i However mere are limitations m these metnoos with *hicn a 
; ;mp.ei asoaratus such as an apparatus tor spraying and dry.ng must be used or a speoaicea cisoerston 
-^jium ^ui! c*- ^s*»: and therefore, a 3uai*tyimpfoved -ater-aosoroent polymer could rot easily be 
otai^jo 

A:o - €-j'?o*an patent provisional pcCKation 02S8459A2. there nas been ooened a method 
-vnwn o'^v*nt .leter-cration and decompositjon with a passage ot time for a swelling gel of a water- 
acscioen: po-,-e?_ a duality -improved water -aosoroent ooiymer is produced by spraying and mixing an 
jHu*v-i sc'ut<n -J a reductive agent containing suifur * for e* ample, sodium thiosuilate etc i for the water- 
aoscoent oo #mer however, tnis method could not improve rne fluidity and resisting prooerty for blocking 
jt a «a:e< -aosoroent polymer itseiJ 

Besides. » fVXtS unootymerued monomers »n these water -aosor bent polymers, especially when 
sein.; used as unitary materials or <n tne f*K3 of 'ocas are drawing attention m a side of safety, so that 
several anemots to oeoease trie residual monomers nave oeen carried out For example, there nave been 
j*oeos#d a method wn<p o*ers tne res*ouai monomers oy adding an ammo acid to a water -containing gei 
X a water •aosoroent polymer ( USP 4.766 1 73 , and a method *m<n lowers the residual monomers by 
uumx^ting an wtravotet ugm »or a water -containing get i jaoanese official patent provisional publication, 
inowa 63-260907 , However. 7*ese metnods nave not suitioermy snowed the lowering effect on tne 
residua* mcnomers and. it an anemot is made to decrease me residual monomers to a standard of enough 
satet* . i ic; ct •rvestment ana «otks are tomred leading to an unpractical use 



cssert n V f*"»cr jnoertaK«s *o ;ove said orooiems m the conventional art: that is. tne orooiems 
'"at. Cu* -o c«x*ing ~ne*vy~enon am org me polymer particles under a high humidity condition, fluidity 
oecc<r-*s ino randurv; tecomes dif*icu«. and the lowering effect on the residual monomers is not 

su^cert 

*-xs 'he oo»ec: :*e present ^vennon is to provide a process for producing a «ater -absorbent 
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polymer which shows such superior fluidity as blocking does not take place under a condition of hign 
humidity, and which shows only a few amount of residual monomers and superior safety 

The present inventors, as a result of intensive research under said circumstances, found that said object 
is attained with a simple and economical art m which a water-absorbent polymer is mixed with an aqueous 

s liquid containing a specialized water-soluble salt, and thus arrived at the present invention. 

The first present invention relates to a process for producing a quality-improved water-absorbent 
polymer which is specialized by mixing an aqueous liquid ( I ). that is prepared by mixing in an aqueous 
medium at least one kind of a water-soiuoie salt ( A ) selected from a group of haiogenated compounds, 
sulfates, acetates, and nitrates, which are derived from at least one kind of a polyvalent metal selected from 

to a group of aluminum, calcium, and magnesium, with at least one kind of a water-soluble salt ( 8 ) selected 
from a group of monovalent metal salts and ammonium salts, which are derived from at least one kind of an 
oxyaod selected from a group of suifurous acid and thiosulfuhc acid, with a water-absorbent polymer ( II ) 
in a proportion that the water-sotuoie ooiyvalent metal salt ( A } is 0. i — "i 0 parts by weight agamst 100 
parts of the water -absorbent polymer ( n } and the water-soluble oxyacid salt ( B ) >s 0 i - 1 0 parts by 

rs wetgnt agamst the same 1 00 parts 

Furthermore, me second present invention relates to a process for producing a Quality -improved water- 
absorbent ooiymer which is specialized by mmng an aqueous liquid ( l >. that is preoared by mixing in an 
aqueous medium at 'east one kind of a *ater- soluble salt ( A ) selected from a group of haiogenated 
compounds, sulfates, acetates, and nitrates wh<h are derived from at least one kind of a polyvalent metal 

co selected from a group of aluminum calcium and magnesium, with at least one kind of a water-soluble salt ( 
8 ) seteceo from a group of monovalent metai salts and ammonium salts, which a/e derived from at least 
one «:nd of an o«yacid selected from a group of suifurous acid and mtosutfunc acid, with a water-absorbent 
poiymer ( it ) n a proportion that tne water -soluble polyvalent metal salt ( A ) is 0 i- i<3 parts by Weight 
aga^s: >00 parts of me water absorbent polymer r M > and the water-soluble oxyacid salt { 8 ) is 0 I- 10 

j*> part; ov weign; agamst tne same (00 parts, and further specialized by compulsonly bringing 'he thus- 
■:eta future into contact *»th an o*y gen-con tainmg gas 

The *ater-aosorbent ooiymer < n > used m this invention forms a water -containing gei ( a hydrogel t with 
.icscD<ng a arge amount of water n water fo'k>wed by swelling and for tnis \ ll >. for examoie. are cited a 
*v-*"'v$*s coquet from a gran coooiymer Df starch with acryionitnle. a neutralization product from a graft 

*' <:cdo ( .mer of starch witn acry'»c aod. a saponification product from a copolymer of an acrync acid ester 
.fir-/) achate a Hydrolysis product 'rom an acryionitnle coooiymer or an acryiamide coooiymer. a 
neu vacation product frcm ooiy acrylic aod of a se'f cross-linking type, a cross-'mked product of a 
oo ,ac rv*< aca satt and a neutralization p/oduct from a coooiymer of cross-linked *sobutytene with maleic 
arr f 2r "Te Partner as the *ater-aosorbent polymers or these kinds, may be used the one showing 

is uri'ormiry <n cnss-immng oen sify y me one oemg treated with cross-linking of a surface Preferred is a 
c.'0S$-*rked ooymer of a *ater-soiuO*e emyienicaMy unsaturated monomer having acryiic acid ( or <ts salt ) 
as a r^am comoonent and the c*oduc>ng process »s not particular 

Tne water-soiuM salt of tne ooiyvaient metai t a ) used <n this invention is at least one kind of a water- 
sauote sait selected from a group of haiogenated compounds', sulfates, acetates, and nitrates which are 

40 delved from at least one kind of a po'yvaieot metai selected from a group of aluminum, calcium, and 
magnesium 

As concrete examples of the watef-so»uo*e sairs of polyvalent metals ( A j are given aluminum chloride, 
ooivatuninun cnlonoe. calcium chloride, magnesium chloride, aluminum sulfate, magnesium sulfate. 
caJoum Sulfate aluminum potassium surf ate aluminum ammonium sulfate, aluminum nitrate, caioum 
4S nitrate magnesium nitrate, aluminum acetate, catoum acetate, and magnesium acetate, and these may oe 
used by atone y -n combination Among mem are preferred the water -soluble salts of aluminum wnicn are 
great «n a ftuid*ty-*morov»ng effect of tne water-absorbent polymer and m a lowering effect on the residual 
" monomers 

<" + ' -;v The amount of tne water-so*uo*e salts of polyvalent metals ( A > used is m a range of 0 1- 10 parts oy 
so. «e*gnt agamst 100 parts of the wate*-aosoroent polymer ( H ) if »ess man O.t part by wetgnt. the nudity- 
* improving effect and the 'owenng effect on the residual monomers become insufficient and. if the amount is 
so targe as exceeding to parts by weight, it s jntavorabte because an effect corresoondmg to the amount 
used can not oe obtained and because, conversely me water-absorbing caoacity of me water -absorbent 
poivmeV decreases 

si The water-sotuote sart of re o«yacid c B > used «n mis invention is at least one kind of a water -soiuoie 
salt selected ? rom a grouo of monovalent metal salts and ammonium salts, which are derived from at least 
one Kind of an o«vac»d selected from a group of suifurous acid and mtosuifunc acid. As concrete examples 
of *ne water-sduote salts cf me o«yaods ( 8 > are given sodium sulfite, sodium nydrogen sulfite, sodium 
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thiosuifate. potassium sulfite, ammonium sulfite, potassium hydrogen sulfite, ammonium hydrogen sulfite, 
ammonium thiosuifate. and potassium thiosuifate. These can be used by aJone or tn combination. 

The amount of the water-soluble salts of ox y acids ( 8 } used is m a range of 0.1 - 10 parts by weight 
against 1 00 parts by weight of the water- absorbent polymer. If less than 0.1 part by weight, the fluidity- 
5 improving effect or the lowering effect on the residual monomers become insufficient and. if the amount is 
so targe as exceeding iQ parts by weight, it is unfavorable because an effect corresponding to the amount 
used can not be obtained. 

An important point to attain me obiect of this invention ts to mix the water-soluble polyvalent metal salt { 
A ) and the water-soluble sal! of an o*yaod ( 8 | with the water-absorbent polymer { II j m a state of the 
;o aqueous liquid ( l ), which is obtained by mixing the metai salt ( A ) with the salt of an oxyacid < 8 ) m an 
aqueous medium 

Therefore, any effect of this invention >s not ootained according to a method in which the water-soluble 
polyvalent metal salt f A i and the water-soiude salt of an oxyacid ( B ) are- first mixed with the water- 
absorbent polymer m a dry state and then water is added, a method in which either one of said water- 
's soluble salts i A ■ and ( 8 } is mixed with the water-absorbent polymer in a dry state and then, an aqueous 
solution containing the otner water- soluble saJl <s added, or a method m which an aqueous solution 
containing either one of said water-soluble salts i A > and < 8 ) is added to the water-absorbent polymer and 
men. me other *ater -soluble salt is mixed tn a dry state 

To obtain the aqueous liquid < i ) used <n mis invention, for example, are cited a method m which the 
»c *ater -soluble ooiyvaient metal salt ( A » and the water -soluble saft of an oxyactd ( 8 ) are beforehand added 
ana mixed to an aqueous medium and a method >n which an aqueous solution of the water-soluble 
poiyvatent metal salt i A ) and an aqueous solution of me water-soluble salt of an oxyacid { 8 ) are 
beforehand separately prepared and men these solutions are mixed to prepare the aqueous liquid M ) 
AJtnough the amount of the aqueous liquid ( I > «n<h <s mixed with the water-absorbent polymer ( It ) 
:* /ai.*s 3cc:fOr<} o an amount of sa*d «ater-so*utie sans < A ) and ( 8 ) whtch are contained m the aqueous 
i.rx»d fi..r« jsuaily <n a range of t - »20 parts Oy weight, more preferably 10-60 parts by weight, 
agj.n-;! ioG cj/ts 'J the water -aosoroent polymer if me amount of the aqueous liquid ( i ) «s less than i oart 
Oi A-^jr.t j ^-.rorm distnoution ol said water-sciuOie salts ( A ) and ( 8 ) mto the water -aosoroent polymer 
•i t .< :itticj:i 'o achieve and decrease of me res*ouai monomers and the fluidity-improving effect becomes 
^wrf.c 3os 2es ' me amount e«ceeds \2Q parts by weight, mixing of the aqueous liquid / I | followed 
z i it , ->g :» re aqueous medium costs mucn taoor and Becomes disadvantageous m productivity 

^ 5 a*fe<?ous mcoum used to cotam the aqueous bquid ( I ) »n this invention, water or an medium 
*n-:-i s orecx'»rC 5y mt.iog a lyoroonmc organic solvent with water >s effective. As the nydroontiic organic 
soi.«rt *-r etamcie are a tea me ajconofs of caroon number i - 4 such as methanol, ethanoi and 
: c $co'tcanci •»*; re ■•rones such as acetone etc N N-.*m-myitormafntoe. and dimethyisuitoxide. 

F-;ti*er*r.<:i» as »ar as an effect of m»s -nvention -s not disturbed, an aqueous liquid i i > containing me 
: « fiatiy* agert me o^dauon-preventive agent, '*ductiv« agent, ultraviolet light-absorbent agent, stemuation 
jgert. ur.7ic»ce manure perfume, or aeooonsng agent etc <s possible to use 

Amen me nvention is earned out tor mixing tre aqueous liquid < i ) with me water -absorbent polymer ( 
k ii ) can oe aocoted. tpr example, a memod <n «n<n me water-absoroent polymer ( u ) <s added to and 
mtaed mm me aqueous baud < l ) mm mechanical stirring or with flowing m a gas current, or a method m 
me water -aosoroent po»ymer Ml > .s poured mro mixed and kneaded with the aqueous liquid i i j 
The T*mod s not wmuec as far as me aoueous -«cuk3 ' i ) »s uniformly mixed wim me water-absoroent 
OONmer i II ; 

<f As a cractxai apparatus wmch >s used ro mu *ne aqueous liquid ( I ) with the water -aosoroent polymer ( 
ti j Mx exarrpte are cted several types o* mi.ers such as a V-shape rotating mixer, a nobon mixer, a 
screw mi^er a 'Otary Isk mixer a pneumatic conveytng mixer, a peddle mixer, and the 'ike: kneading 
machines suet as a «neader and me -ike. or various kinds of granuiators such as a fimdiied bed granuiator. 
a hign soeec agitated sranuuuor a tumot^g granuiator. and the foke. 
. so Afmougn me muture wticn •* ootamed oy mixing the aoueous iiqmd ( i ) with tne water-absorbent 
polymer < tt \ nas an imoroved caoaoty m me fluidity and the amount of residual monomers, tne effect of 
this nv«noon fray further oKfQiS* wim warming of said mixture. To warm the mixture, for examoie. may be 
used a usuai dryer sucn as an agitated trougn 1* ye< a rotary dryer, a disk dryer, a kneader dryer a 
Mudued bed :ryer a cneumarc :onveyng iryer in rirared dryer, a hot-air dryer, a microwave dryer, and 

ss me .«e anc a neater 

Aithougn Tie mixture wrxn is ootamed by "\i*.ng me aoueous Nqwd ( I ) with me *ater-absoroent 
corner , ii . nas reianve^-»mproved caoaooes n said fluidity and amount of residual monomers, mis 
rw»nticn 3»srays a mo* sufticteni -ftect by compuisoniy bringing the mixture into contact wim an oxygen- 
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containing gas. 

in this invention, to bring compuisoniy a mixture of the aqueous liquid ( I ) and the water-absorbent 
polymer ( II ) into contact with an oxygen-containing gas. there are. for example, a method m which said 
mixture is brought mto contact with the oxygen-containing gas while it is floating m the gas, and a method 

5 m which said mixture is brought mto contact with the gas while it is agitated with a current of an oxygen- 
containing gas. but the method "S not limited subjecting to that said mixture is possible to bring 
compuisoniy into contaef with the oxygen-containing gas. Thus, as an apparatus which can be used 
favorably m order to bring the mixture :nto contact with the oxygen-containing gas. for example, are cited an 
air transporter, a pneumatic conveying dryer, a Nuidized bed dryer, an air slide, and the tike. Besides, by 

<o these apparatuses the mixing of the aqueous liquid ( I ) with the water-absorbent polymer f II ) can be done 
at the same time 

the gas with which the mixture comes m contact in this invention must be an oxygen-containing gas. in 
a case of a gas wmch does not contain oxygen, even if ft is compuisoniy brought into contact, any 
improvement in the fluidity of the water-aosoroent polymer ( II ) and the lowering effect on the residual 
'5 monomers are not disolayed. As an oxygen-containing gas used in this invention, for example, are cited an 
oxygen gas. a mixture gas of an inert gas such as nitrogen with oxygen and a mixture gas of water steam 
with oxygen in particular, from a standpoint of economy and working, efficiency is preferred air which is a 
mixture gas of oxygen with nitrogen etc 

furthermore, although temperature of the o*ygen-contaming gas is not limited in this invention, when 
:c :ne gas warmed at least at 20 * C is used. ■( is favorable because said quality-improving effect is enhanced. 
Besides f an o*ygen-containing gas of such nigh temperature as over 200 ' C is used, an attention should 
>i oa»o because there is a case mat tne water-absorbent capacity decreases. 

Acceding to this nvention can be produced simply and with high efficiency a water-absorbent polymer 
*nrc sees not cause blocking even once* hign "tumidity and is superior m fluidity, and wtiich shows only a 

amount ot 'esiduai monomers 6es>des. according to this invention, without any loss of the liquid- 
iser oe*t raoaoty which me wate'-aosoroent pcivmer primarily has. said capacities can oe much raised. 

*hus tne qualify -improved water-aosorbent ooiymer which is obtained by me oroducmg process m this 
~.>?rftcn ran oe suitably used by utilize its feature for aosortxng agents m sanitary materials such as a 
;>'jC^$a£>e Jiaoer and a pnysiotogicai nacxm 'or water -noidmg agents >n medical use. for water-holding 
» ■;*^!s r farming anq gardening, and 'or an use mat requires water-aosorbent ano water -noioing properties 
i**z* as ro-jstrsai denydrating agents etc 

OeSCPlPTiOMOF THE INVENTION 

<^?f.i<*a*rer the oresent invention <s turner *»c;ained with e*amoies. out it is not limited with those 

»c «e»e*enc* e*amp*e t 

a 40 S aqueous solution of a monomer <n a senes oi acryhc acid salts. 4000 parts by weight. 
: rmoosed of *4 96 mol % of sodium acryiate 25 mo4 •• ol acryiic acid, and 0 04 moi % of N.N - 
Tfjmytereotsacryiamioe was suotected to static pciy men nation by using 1 0 part by weight of ammonium 
c«f sulfate and 0 2 parts by weignt of sodium hydrogen sulfite at 40 - 90 C under nitrogen atmosphere. 
' wnerecy a polymer ol a water -containing ge< form was ootained This polymer of a water -containing gel 
foVm^ai 3ned at 160 *C <n a not-air dryer puivenzed witfi a hammer type pulverizer and put through a 
^s,eve a 20 mesh metal sieve. wnereOy a product wruch passed me 20 mesh ( hereinafter referred to as 
*■ * ^ v-^-'j^weter-aosofOent polymer before a uaiity -improvement ( II a ) J ) was fractionally collected 
^' scl Pirsf examples and examc»es tor comparison m me first present invention are described. 

£*amo»e t 

An aauecus liquid was prepared Oy adding 06 g of aluminum sulfate and t S g cf sodium hydrogen 
5uif>te >nto 3 0 g ot deiom*ed water fottowed by mixing. This aqueous ttQuid was added with mixing to 30 g 
me water-aosoroent ooiy mer before ah ry -improvement ( II a ) and men. dned at 80 " C for 5 minutes m 
a -ct air -d'ye* t produced from ?aoai * Esoek Co . Ltd ). whereby me quality -improved water-absorbent 
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polymer m the first present invention { hereinafter, simply referred to as |" water-absorbent polymer of this 
invention J ) ( 1) was obtained. 



s Example 2 

The procedure of example i was repeated except that the water-absorbent polymer before quality- 
improvement ( II a) was changed to a water-absorbent polymer m the starch- aery lie acid graft polymer 
series ( San Wet iM-iOOO. produced from Sanyo Chemical industries Ltd.. hereinafter referred to as \~ 
'0 «ater-absoroent polymer before quality-tmprovemem ( II b > J j of the same amount, whereby the water- 
absoroem polymer of this invention ( 2 ) was obtained. 



Example 3 

*s 

An aqueous liquid was prepared by adding 0.6 g of potyalummum chloride and i S g of sodium 
hydrogen sulfite to 3 0 g of dcionued water followed by mixing. This aqueous liquid. 5.1 g. was added with 
muting to 30 g oi ihe water -absorbent polymer before quality improvement ( ll a ) obtained m the refernce 
example t ana men. dried at 80 ' C for 30 minutes m a hot-air dryer { produced from Tabai-Espek Co.. Ltd. 
i wner*oy the *ater-aosorbent polymer of this invention ( 3 ) was obtained. 



E«amcie 4 

Droce<2ure o' e*amo*e 3 was reoeated except that il l g of an aqueous liquid obtained by 
:r»ang.pg :n«? amount for use of deion^eo water <nto 90 g were used, whereoy the water-absorbent polymer 
cr Ti$ r vcpnon i 4 i *as obtained 



£<am£t*;- 5 

J>~ c»:T-.dur» of e«amo*e 3 was 'eoeatec *«ceot ttai i7i g of an aqueous liquid ootained by 
~*ir<: -vj •*».» ir*ounx *or use of de*oritjed water into ISO g were used, whereov the water -absorbent 
--v#fTv ;t event ton t 5 » was octa*>ed 



r •a/rc e 5 

>o oroceoure of examote 3 was 'eoeated <j«ctpt mat 20 i g of an aqueous liquid obtained by 
:^angtrg me amount for use of toom^ed waie* no 18 3 g *ere used, wnereoy me water -aosor Dent 
co'yr^e* of tits invention ( 6 ) «as obtained 



Etamo»e " 

aqueous iqmd was prepared 0y adcmg 0 6 g of aluminum sulfate and 0 9 g of sodium sulfite to 6 0 
3 ct Jeiom^ed water followed by mixing. Th*% aqueous liquid was added with mixing to 30 g of the water- 
afisofoent polymer before auafcty-morovement < tt a ) ootained from me reference examo*e i and men. 
dr»ea at t20*C for 10 minutes m a *ot-a* dryer i produced from Tab* * Espe* Co.. Ud.. /. wnerby me 
\o *ater-iosoroent ooiymer of trus mveoDon ( 7 \ was cbtamed 



E«amp*e 8 

: 3 An aqueous liquid *as prepared Cy adding 0 6 g of aJummum sulfate and i 5 g of sodium tmosuifate to 
6 3 3 cf jeionized water followed by mmng. This aqueous hqutd was added wim mixing to 30 g of the 
water aosofcent oofymer before quahiy-tmcrovement ( U a > obtained from the reference example i and 
tnen dr ed it :20 * C for i0 mmutes .n a not-air dryer ( produced from Tabai * Esoefc Co . Ltd ). whereoy 
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the water-absorbent polymer of this invention < 8 ) was obtained. 
Example 9 

An aqueous liquid was prepared by adding 06 g of poiyalummum chloride and 1.5 g of sodium sulfite 
to 6.0 g of deionued water followed by mixing. This aqueous liquid was added with mixing to 30 g of the 
water-absorbent polymer before quality-improvement (Ha) obtained from the reference example i and 
then, dried at 120 "C for 10 minutes m a hot-air dryer ( produced from Tabai • Espek Co.. Ltd. ). wnereby 
the water -absorbent polymer of this invention ( 9 ) was obtained. 



An aqueous liquid was prepared by adding 0 6 g of aluminum sulfate and i 5 g of sodium hydrogen 
sulfite to 6 0 g of deionized water followed Oy mixing This aqueous liquid was added with mixing to 30 g of 
the water -absorbent polymer before quality •<morovement < it a) obtained from the reference example i and 
then, dried at »80*C 'cr 3 minutes m a not-air dryer { produced from Tabai * Espek Co . Ltd. >. wnereoy 
me waie'-absofbent polymer of this invention ( 10 » was obtained. 



An aoueous ''Quid was oreoared by adding 0 03 g of poiyalummum cnlortde and 0 09 g of sodium 
"vSroqer. suif.te to 0 3 J of deionued *ater loiiowed oy mixing This aoueous iiauid was added with mixing 
to 30 5 "te *ate'*aosoroeni oo'ymer oe*ore <iuaiity-mpfovement Mi a > ootamed from me reference 
■••amcte t whereby the water -absorbent polymer of this invention (lit was obtained 



Ar jqueous -quid was oreoared By adding 0 18 g of poiyalummum cnlortde and 0 3 g of sodium 
^• t c??\i* n sulfite *o i 5 g of detonijeo «ater 4 oiiowed by mi*mg This aqueous liquid was added wttn mixing 
to 30 } '«e water -absoroent poiymer be'ore cuaiify -improvement Ml a ) obtained from me reference 
<e*amce ' wnereoy me water -aosofbe r t ooiymef of this invention M2 ) was obtained 



An aoueous t»ou*d was preoared 0y adding 0 6 g of ooiyaiummum chloride and 0. 1 5 g of sodium 
hydrogen sulfite to 3 0 g of detontzed *ater 'oi'cwed by mixing. This aqueous liquid was added with mixing 
to 30 g of me water -absorbent oo*ymer oetore quality ••morovemem i il a i ootained from the reference 
<?«ampie i and men. dried at 80 " C tor 5 Minutes <n a not-air dryer t produceo from Tabai • Espek Co , 
Ltd » wnereoy me water -absorbent ooiymer of :r\is nvennon < 1 3 > was obtained 



An aoueous uqukJ was prepared by adding 0 3 g of calcium chloride and 0.9 g of sodium hydrogen 
sulfite to 30 g of deionued water followed by mixing. This aqueous liquid was added with mixing to 30 g of 
me water-aosoroem poiymer oetce quarry -mprovement < Ha) obtained from me reference example i and 
men. dried at 80 "C for ■$ minutes in a not-air dryer ( produced from Tabai * Espek Co.. Ltd ). whereby 
me water-absorbent ooiymer of mis invention ( u > was obtained. 



Example 10 



Etamcie 1 1 



E«ar^C « \2 



Eiampie *3 



EjraiWptf u 



E.^ampie t5 



An aoueous :«au'd was prepared Oy adding 0 6 g o' magnesium cnlortde and i 5 g of sod»um nyorogen 
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sulfite to 3.0 g of deionized water followed by mixing. This aqueous liquid was added witti mixing to 30 g of 
the water-absorbent polymer before quality-improvement ( l! a ) obtained from the reference example i and 
then, dried at 80 C for 15 minutes m a hot-air dryer ( produced from Tab* * Espek Co.. Ltd. ). whereby 
the water-absorbent polymer of this invention MS) was obtained. 



Example 16 

An aqueous liquid was prepared by adding t 2 g of polyalummum chloride and 0.06 g of sodium 
'0 hydrogen sulfite to 6.0 g of detonized water followed by mixing. This aqueous liquid was added with mixing 
to 30 g of the water-absorbent polymer before quality -improvement (Ha) obtained from the reference 
example I and then, dried at I20*C for 5 minutes tn a hot-air dryer ( produced from Tabai * Espek Co.. 
Ltd. ). whereby me water-absorbent polymer of this invention ( 16 ) was obtained. 

'5 

Example 17 

An aqueous liquid was prepared by adding i 8 g of polyalummum chlonde and 0 06 g of sodium 
hydrogen sulfite to 12 0 g of deionued water followed by mixing. This aqueous liquid was added *tth 
:o mixing to 30 g of me *ater-aosoroent ooiymer before quality-improvement { II a » obtained from the 
reference example t and men dried at 120 " C for 10 minutes in a hot air-dryer ( produced from Tabai * 
Espek Co Ltd . *nereby the water-absoroent polymer o* '.his invention ( 17 > was obtained. 



Example 18 

An aqueous »c^d *as preoared by adding 3 0 g of ooiy aluminum chloride and 0 06 g of sodium sulfite 
T c i2 0 3 ct o<*crueo *ater followed by mixing This aqueous liquid was added with mixing to 30 g of the 
*ate*-30SC'OerT ooiymef Detore quality -improvement mi a > obtained from the reference example i and 
***r rjf .eo it ' 20 " C 'or 10 mmutes m a not-air dryer f produced from Tab* * Esoek Co . Ltd ». *ner eoy 
trie *<*te'-icscoent oo'ymer of this invention i (8 i was co tanned 



E*amcie '9 

An aqueous -tcu'd was oreoared by adding 0 6 g it poiy aluminum cmonde and 0 1 5 g of sodium 
hydrogen suitt'e *o 6 0 g of deioni^ed *ater *oi»oweo Oy fixing. This aqueous liquid was added with mixing 
to 30 -3 tre «a:er- absorbent ooiymer oefore Quality - morovement mi a ) obtained from me reference 
e«arro»e 1 and men. cmed at I50*C to' 5 mmutes .n a not-air dryer < produced from Taoai * Espek Co . 
40 Ltd ) «ne*eby me -ater- absorbent poiymer 01 tms nvemion < t9 ) ««$ obtained. 

Examoie 20 

-s An aqueous ««qu«J was preoared Oy adding 0 6 g of aluminum sulfate and t 5 g of potassium sulfite to 
7 5 g of dewjed *ater followed oy mixmg This aqueous liquid was added with mixing to 30 g of the 
water- aosoroem ootymer oefore c**a*ty-«mprovemem ( 11 4 i obtamed from the reference example t and 
men dried at 120 * C tor i5 mmutes n a not-air dryer I produced from Taoat * Espek Co.. Ltd. J. -hereby 
tne water-aosorcem ooiymer of mis invention ( 20 ) was obtained. 

» 

Example 21 

Th« procedure of example 20 *as repeated exceot mat me same amount of ammonium sulfite *as 
54 used instead ct potassium sulfite *nefeOy me water- absorbent polymer of this invention ( 2i 1 «as 
obtained 
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Example 22 

The procedure of example 20 was repeated except that me same amount of potassium hydrogen sulfite 
was used instead of potassium sulfite, whereby the water-absorbent polymer of this invention { 22 ) was 
obtained. 

Example 23 

The procedure of example 20 was reoeated except that the same amount of ammonium hydrogen 
sulfite was used instead of potassium sulfite, whereby the water-absorbent polymer of this invention { 23 ) 
was obtained. 



Example 24 

The procedure of examote 20 *as reoeateo except that the same amount ot potassium thiosuifate was 
used :n stead ot potassium sulfite *nereoy me water -absorbent polymer of this invention ( 24 ) was 
ootamed 

E*amo<e 25 

An aqueous liquid was oreoared Oy adding fcntoweo by mixing 1 2 g of polyalummum chloride and 0.06 
; so-Jium nyirogen sulfite :o * 0 g o» an aqueous medium composed of a mixture ot 6.0 g of deionized 
*ate- ana i 0 } oi emanoi T h.s aqueous nou»d was added with mixing to 30 g of the water^absorbent 
d: /Tier oetore :uai«ty-*mc*ove*nent i •( a i and men dned at 120*C for 5 minutes m a hot-air dryer ( 
;-f?<Juce.T from raca* # Esoe* Co L:d ) *ne'eov me water -aosoroent polymer of this invention < 25 ) was 



a s-Muticn «as Dreoareo ov adding 06 j of oo*yaiummum cnionde to 4 5 g of oeionued water and 
joomer solution «as seoarately oreoared ov aocmg i 5 g ol sodium hydrogen sulfite to 4 5 g of deiomjed 
*ate* mo ^e 'wo solution *ere mi red to get an aqueous liquid containing polyalummum chloride and 
sodium Hydrogen suiMe This acueous :»ou*d was added with mixing to 30 g of me water-absorbent polymer 
rwMore aua**ry-mo»ovement mi a v and men dned at 30* * C for 30 minutes m a hot-air dryer ( produced 
'*om r aoa» * Esoe* Co Ltd » *nwr eoy me water- aosorbent polymer of mis invention f 26 ) was obtained 



E.amo*e27 

An aqueous *ju»d was preoa/ed by aoamg 0 6 g of aluminum acetate and I 5 g of sodium hydrogen 
tuiftfe to 6 0 g ot ^eioni^ed water *o4io*ea Ov mixing This aqueous hquid was added with mixing to 30 g of 
:t>e water •aosc^oent oory mer before quafctv-morover^ent ( n a ) obtained from tne reference example i and 
r**r> ared at 80 *C for <5 minutes -n a not- a* sryer i produced from Tabai * Espefc Co.. Ltd. ). whereby 
:ne- water -aosoroent po'ymer of this invention i D was obtained 



E/amo*e 28 

Th* procedure -J *«amo*e 2" *as 'eceated e«ceot that me- same amount of aluminum nitrate was used 
nsteao o' aluminum acetate *^ef*c* f^e water -acsoioent polymer ol this invention ( 28 ) was obtained. 



E « if o e 'or :or~ca/'son i 
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To 30 g of the water -absorbent polymer before quality-improvement { It a > obtained from the reference 
example t were added with mixing m a dry system 0 6 g of aluminum sulfate and i 5 g of sodium hydrogen 
sulfite and, to the thus-obtained mixture. 2.4 g of deiontzed water were added and mixed. However, as 
gross coagulating products from the water-adsorbent polymer were formed during mixing, uniform mixing 
5 could not be carried out. 



Example for comparison 2 

io To 30 g of the water-absoroent polymer before quality-improvement (Ma) obtained from the reference 
example 1 were added with mixing 3 g of an aqueous solution containing 0.6 g of aluminum sulfate and. to 
the mus-obtained mixture, i 5 g of sodium hyarogen sulfite were added with mixing. The mixture obtained 
was dried as earned out for example i whereby me water-absorbent polymer for comparison ( t j was 
obtained. 

'S 

Example for comparison 3 

To 30 g of the water -absorbent polymer oetote quality improvement ( II a > obtained from the reference 
x e»amoie t were added *»tn mmng 0 6 g of aluminum sulfate m a dry system. The mixture obtained was 
dried as earned out tor me e*amo*e t whereby the water -absorbent polymer for comparison ( 2 ; was 



£»amo*e ?<v comparison 4 

r ? 30 g oi me water-absorbem polymer before quauty improvement (Ha) obtained from me reference 
tr. arrow t were aoced *itn mi ung i 8 j o* an aqueous solution containing 0 6 g of aluminum sulfate and. 
:o rw tr^sootained mixture. 2 7 3 of jn aqueous solution containing t 5 g of sodium hydrogen sulfite were 
loiej w.m mn rvj However as gross coagulating orooucts from me water -aosor bent polymer were formed. 
nr-"yrn ffmr^ «as ^ot joss*bie 

£tai*o** tor :omoa#»son 5 

T : 30 3 ?t tne water -aosoroent po<ymer before 3uaJ>ty-»morovemeni ( Ha i obtained from the reference 
eiarro<e 1 were adoed 06 g of aluminum sulfate and 1 5 g of sodium hydrogen sulfite and mixed m a dry 
sv Men? «nereoy me water- aosor oent polymer 'or comparison < 3 } was obtained. 

E*ar*o»e 'or eomoanson 8 

To 30 q of me water -aosorbent ootymer before quahty -improvement mi a ) obtained from me reference 
*>amo*e 1 were added 1 5 q of sodrum nycrogen sutite and mixed m a dry system, whereby the water- 
's aosor bent po^mer 'or comparison ( 4 1 was obtained 

E'arr&e 'or comoamon 7 

so To 30 g cf tne water- aosoroent oo*ymer before quality -improvement f 11 a ) obtained from me reference 
e»amc»e 1 were added w»m ^•••ng 39 3 of an aqueous solution containing 1 5 g of sodium hydrogen 
suiMe. However as gross coaguutmg orooucts *om me water -aosoroent polymer were formed, uniform 
minng was *K>f oosM* 

E«4rrc*e r cr ccr^canson 3 

"0 10 7 cf wav-acsC'Dent oo« fm## Deter e ouaiityimprovement f II a ) were added with mixing 2 7 
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g of an aqueous solution containing 0 6 g of aluminum sulfate. The mixture obtained was warmed as earned 
out for example i. whereby the water -absorbent polymer for comparison < 5 ) was obtained. 

Example 29 

The water -absorbent polymers ( i ) ~ f 28 ) of the present invention which were obtained from the 
examples t- 28. the water -absoroent polymers for comparison < t )- ( S ) which were obtained from the 
examples for comparison 2. 3. S. 6. and 8. the water-absorbent polymer before quality-improvement (Ha) 
which was obtained (rom the reference example i. and me water-absorbent polymer before quality- 
improvement ( H b ) which was used in me example 2. each of all those was evaluated, according to the 
procedure described oeiow for me amount of absorbing physiological saline, fluidity, and the amount of 
residual monomers. 

The results are shown ( n Table i 



< Method for evaluation > 



i i Amount aoscrbtng phys*oky;tcai saline 

into a cag of a tea oag type * *0 mm • i 50 mm > made of a nonwoven fabi»c are uniformly placed 
about 0 2*; of a ^ater absorbent oo»ymer and mme; ;ed m an e*cess of pnys»oiogicaJ saline ( water which 

tarns 09 of sodium chloride i thereby me polymer ts sufficiently swelled "and men. me tea bag 
containing a swei'ed ^e' 'S taken uo to* 5 seconds subjected to dram for i0 seconds on 2* sneets of toilet 
jack's 5" ""m • 50 mm 19 9 m* 1 and wetgnteo f ne we»gnt after 'he *ate**aosorotion treatment or only 
■^e 01 1 tea oag ivoe >s tanen as a cank and me amount 0* water aosorpnon 0* a water -absorbent 
o«: 1* :aituiated accorcmg to tne following equation 

;an:|ni °* -a:er *b-,orption of physiological saline ( g/g 

u ° ,|n: weight of w.iter 3bsorn»j ( g ) — Blank ( g ) 
A ■ o u n t of water-absorbent poiyaer ( g ) 



2 > Fluidify 

into an uummum cuo of 55 mm m diameter <$ put 1 g of a water-aosoroent polymer, spread uniformly, 
and stood at 37 " C with 90 % 01 relative numidity <n an air -conditioning equipment, wnereoy after standing 
for t 3. and S minutes me Hutcuy <. presence or absence of blocking ) and an attacning cnaracter to me 
aluminum cuo are evaluated The evaluation are earned out at the four stages according to me following 
standards 

. douO*e circles no bkxkmg product, good r»u»dity. and no attachment to me aluminum cuo 
single circle me blocking product m tess man 30 V a sfcgnt attachment to the aluminum cup 
mangle tne biocmng product m 30 - 70 % a small amount of attaenments to the aluminum cuo 
cross, me Dfoonng product in 70 *• or more attachments to me aluminum cup 

3 i Amount of residual monomers 

in a 2 l ceaker <s precisely weignted i 0 g of a water-absorbent polymer and to this <s added t L of 
oetonized water and me mus-octaneo mature is stirred for 2 hours, thereby the water-aosoroent ooiymer >i 
swelled After swelling, a hy orated get o' me water -absoroent polymer »s taken by duration jsmg a filter 

it. 



EP 0 386 897 A2 



paper ( a Toyo filter paper No. 2 ) and the filtrate «s analyzed with a high speed liquid chromatography 

On the other hand, a measuring tine, which is obtained with a similar analysis of a standard monomer 
solution showing an already-known concentration, is taken as an outside standard and thus, the amount of 
residual monomers m a water-absoroent polymer is dertermmed with consideration of diluting magnification 
of the filtrate. 



gp 0 386 897 



Table 1 











Fluidity 


Minouni oi res i Qua i 


Water-absorbent polymer 


nhuc i n Ins i<*a 1 eat inn 
















used for evaluation 




af tor 

af ier 


i after 


: a f ter 








( a f a f^s 1 lunar 1 

v (J/ g poiymer ^ 


i mm. 


: 3 win. 


: 5 win. 


^ nnm ^ 


Water -absorbent polyoer 












of this invention ( I ) 


1 7 




! © 


! © 


0 0 
0 0 


ditto 


( 2 ) 


A* 7 
0 f 


(8s 


; © 


; © 


t J U 


di tto 


( 3 ) 


4 0 




: - © 


; © 


0 Q 


di t to 


( 4 ) 


4 o 




: ^ 


1 ® 


L J 


di tto 


( 5 ) 


4 o 




: © 




7 Q 


di tto 




4 o 




• © 


: © 


0 1 


di tto 


( 7 ) 


4 / 




© 


© 


7 0 


di tto 


( 8 ) 


A 7 

4 f 




© 


© 


0 


ditto 


( 9 ) 


4 f 






© 


0 4 


<J I !> LV 




A Q 

4 o 


<s> 


© 
Kir 


© 


1 n ^ 
i U 0 


Hi 1 1 ft 




i 7 

4 7 




© 


o 


o n n 
Z (J U 


ditto 


( 12 ) 


t 0 

4 8 




© 


o 


i z rt 
I 0 0 


ditto 


( 13 ) 


I 7 

4 7 




© 


© 


c c 
0 0 


di tto 


( U ) 


I 4 




© 


o 


1 O 1 


ditto 


( 15 ) 


4 3 


® 


© 


© 


10 7 


ditto 


( 15 ) 


4 7 


© 




© 


98 


ditto 


( IT } 


I b 




© 


© 


b o 


ditto 


< 13 ) 


x 5 


s* 


@ . 




7 C 
i 0 


ditto 


< 13 ! 


4 o 


Z 1 




© . 


4 o 




( 20 ) 


4 6 


9 




'S> ■ 


3 3 


d: tic 


( 21 ) 


4 5 


® i 




© 


5 I 


d 1 t to 




4 5 


.9? - : 


© 


© 


7 7 


Jitto 


\ 23 ) 


4 £ 

* 0 






© 


^ 0 

j y 


ditto 


'. Z\ ) 


4 5 ; 




© 


© 


0 0 

1 0 


■ " ditto 


(25 ) 


4 C 1 






■ © 


ditto 


( 3 ) 


t C i 

l 5 






© 


c U . 


ditto 


' 27 ) 


4 3" 1 






© 


1 1 0 


dilto"" 


( 3 ) 


45 - ; 






© ! 


I 25 


*<u«?r Jc:oro*nt polyw 


i 

" ! 


; 




( 

1 




for I'-^parison 


i 1 ) 








x ; 


4 b 0 


ditto 


(2 ) 


2 3 


0 : 


A ; 




4 7 0 


ditto 


(3) 


'? 


.A 


X: 


* i 


4 80 


ditto 


( 4 ) 


i 3 l 


X 


X 


X 1 


4 7 0 


ditto 


( 5 ) 


2 9- | 






X 


4 6 0 


Aater acsortwnt ?oi>«cr 


























(3a; 


4 5 


X 


X 


X 


4 90 


ditto 




5 4 




X 


X 


10 3 0 



t3 



EP 0 386 897 



As seen m table i. the quality -improved water-absorbent polymers obtained from the methods m this 
invention maintained fluidity even under a high humidity condition and displayed almost no attachment 
against a metal surface. Besides, the amount of the restduaJ monomers m the quality-improved water- 
absorbent polymers obtained from the methods in this invention was quite fewer compared to the water- 
absorbent polymers before quaMy -improvement and the water-absorbent polymers for comparison ootained 
from the other methods. 

Next, examples and examples for comparison m the second present invention are described. 

Example 30 

An aoueous liquid which was prepared by adding 6 g of polyalummum chloride and 15 g of sodium 
hydrogen sulfite to 30 g of detonued water followed by mixing, was added to 300 g of the water-absorbent 
polymer betore quality -improvement ( it a ) obtained from the reference example i and mixed. 

The obtained mixture was put mto a fluidtzed bed dryer ( made from Fu|i Sangyo Co.. Ltd. ) and 
brought mto contact with air lor 30 minutes by floating itself m air by an air current of 80 * C ( a current 
amount ol i m ; mm ). whereby me quality-improved water-absorbent polymer in the second present 
invention ( hereinafter referred to as f"~ Quality improved water-absorbent polymer J ) ( 29 ) was obtained. 

£»amoie 3i 

The cocedure of example 30 *as reoeateo except mat the same amount of the water-absorbent 
oo,m«f bef-ve quality -improvement < H b i was used mstead ol the water -absorbent polymer before quality- 
•rro*ovem*r! ' ii a t <n '*»e e«amp»e 30 wnereov me quality-improved water -absorbent polymer ( 30 ) was 
cctained 



E^a^cie 32 

acu*oiiS K3u»o wmcn was prepared by adding 8 g of ooiyaiummum chloride and *5 g of sodium 
so Me 'z SO } v 3e.onned water followed Oy m.*.ng. «as added to 300 g of me water-absorbent polymer 
w^e 3ua.»i/-^crovement i ii a > ootained f rom *ne reference examoie i and mixed. 

tie jctai^ed future was out into a rtutd'zed oeo dryer and Drought into contact *itn air tor 30 minutes 
Of floating :seU »n air oy an a*f current of *0*C f a current amount of 1 m J min }. whereoy me quality- 
i^oroveo *ar** AOsorbert polymer < 3t i was obtained 



Example 33 

The procedure ol examoie 30 was 'eoeared 4'ceot mat nt g of an aqueous liquid, wmch was ootained 
by charring me amount of deionned water used <n the e«amoie 30 mto 90 g. were used whereby the 
quaMy -*moroved « ate* -absorbent polymer ( 32 j was obtained. 



E-amp* 34 

T>e procedure of e* am pie 30 was reoeateo exceot mat 1 7 1 g of an aqueous liquid, which was obtained 
by cnaogmg me amount of deionaed water used in me example 30 mto 150 g. were used, wnereby me 
quality-* morov+d «ater-aosorvent oolymer < 33 ) was obtained. 



E»amp e 35 

The procedure ot e«amo»e 30 was repeated **ceot that 20 1 g of an aqueous liquid, which was obtained 
oy :*iang -v; *re imoum of ie»cn<-ed *ater used n me example 30 mto 180 g. were used, whereby the 
quaii ty-tfro**vt*q *aie* -absorbent polymer ( 34 ) was obtained 
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Example 36 



An aqueous liquid which was prepared by adding 6 g of aluminum sulfate and 9 g of sodium hydrogen 
sulfite to 60 g of deionized water followed by mixing, was added to 300 g of the water-absorbent polymer 
5 before quality-tmprovement ( !l a ) obtained from the reference example t and mixed. 

The mixture obtained was put into a Huidized bed dryer and brought into contact with air for 30 minutes 
by floating itself m air by an air current of 60 * C ( a current amount of i m J mm. ), whereby the quality- 
improved water-absorbent polymer ( 35 ) was obtained. 



An aqueous iiQutd wntcn was creoareo by adding 6 g of aluminum -sulfate and 15 g of sodium 
'niosuifate to 60 g of deionued water foncwed by mixing, was added to 300 g of the water-absorbent 
polymer before quality -morovement ( it a ) obtained from me reference example i and mixed 

The mixture obtained was put mto a Hu^ed bed dryer and brought mto contact with air for 30 minutes 
by Moating .tseif m air by an air current of 60' C { a current amount oM m 3 mm ). whereby the quality- 
-moroved *ater-aosoibent poiyme* .; 36 » was obtained. 



An aqueous i«qu*d wmcn was o'eoarec o> aodmg 6 g of aluminum chloride and 15 g of sodium 
:t»csu<fate ro 60 ; of -Jeion»zed *ate* toficwed bv m*xmg. was added to 300 g of tne water-absorbent 
joi v r*i*r ce*ve nuaHtv-'mo'Ove^eni mi a > cotamed from the reference example t and mi*ed 

The ^.• f „re ocfaine<i *as out mro a fiui-ined bed dryer and brought mto contact *ith a;r for 10 minutes 
r f 'teat"^ *se»t n air by an air current of ! 20 C i a current amount of i m- mm ). whereby the quality- 
~c ' ;tG ^^r^-aoiOfoe^t ooumer ' 3T » * as :^tatne<2 



Ar iouecus -cuid wnicn was o*eoarec Op aodmg 6 g of aluminum sulfate and t5 g of sodium 
-iU'rivr sj»-e n 2«* g of letoni^ed *ater 'oitowea ov mmng. was added to 300 g of the water-absorbent 
* .v^^f r:*?*o f e o~ai»tv*m»orovement * u a i ;cta*ned *?om me reference example ■ and mixed 

*>e — t^re :otamed *as put mto a 'lu^ijec o^i iryer and orought mto contact with air for to minutes 
c» ^cat.w; *sei* m air 0v an a»r current o* *0 C f a current amount of 2 m : mm » *nereoy the quahty- 
~cov*k: wate^aotoroent poiyme* ( 38 • was octaiA-»d 



An aqueous uou*d. wn«cn was precarec ?v acdmg 0 3 g of pow aluminum chloride and 0 9 g of sodium 
^dro^er sufrte «o 3 0 } of oetoni*ed water tc«c*ed by mixing, was added to 300 g of the water-aosoroent 
* oc c^ore 'ouaiity -«morovement < u a 1 ootain^d from tne reference example t and mixed. 

"XM m 4 ootamed «as out mto a 'Kn^wd oed dryer and brought mto contact with air for 5 minutes 
by **oating »tse*t m a*r ov an air :urr*ot of 25 " C < a current amount of i m J mm ). whereby the quality- 
* mproveo water -aesort)e«i oo*yrner ' 39 i was obtained 



An aqueous :»quid was p*eoarec by aacmg ' -3 g of oofy aluminum chloride and 3 0 g of sodium 
T^jfy}*^ tui* *e 'o 15 j -J 3e»o«*ce<3 *ater *oiKr**»«: o, *"«xirvg This aoeous liquid *as added to 300 g of 
•n* wate« acsoroent ooivmer oeicre suawv-mo^.e^eni • if a > ootamed from the reference example 1 ana 
T*i«ed 

The mn**jre obtained was tycugnt mto :ontac: with air as earned out m the examole 40. whereby the 
O'jatiTy-r^O'ovefl water -acsoroe^f ooNmer < -*0 1 was obtained 



Example 37 



c-amcie 38 



£ t jfc«e *C 



** 6<amo^e 4i- 



15 



EP 0 386 897 



Example 42 

An aqueous liquid was prepared by adding 6.0 g of pofy aluminum chloride and t.5 g of sodium 
hydrogen -sulfite to JO g of detonized water followed by mixing. The obtained aqueous liquid was added with 
s mixing to 300 g of the water-absorbent polymer before quality-improvement (Ha) obtained from the 
reference example i . 

The mixture obtained was put into a fluidized bed dryer and brought into contact with air for 5 minutes 
whtle it is floating m air by an air current of 80 * C ( a current amount of l m 3 mm >. whereby the quality 
improved water-aosorbent polymer < 4i j was obtained. 

*o 

Example 43 

An aqueous liquid was prepared by adding 3 g of calcium chloride and 9 g of sodium hydrogen sulfite 
'5 to 30 g of aetonued water foliwed by mixing This aqueous liquid was added with mixing to 300 g of the 
waier-absorbem polymer before quality -improvement ( ll a ) obtained from the reference example i 

The mature obtained was put into a Muidi^ed bed dryer and brought into contact with air for 15 minutes 
wnile <t is floating m air by an air current ot 80 " C ( a current amount ot 1 m 3 mm. ) whereby the quality- 
improved *ater-aosorbent ooiymer i *2 i was ootamed 

:i 

E * an* pie 44 

An aqueous -quid was prepared oy adding 6 g ol magnesium chloride and 1 5 g of sodium hydrogen 
J5 i^ f'te to 3C ; ;t aeionued water loiioweo oy m,.mg This aqueous liquid was added with mixing to 300 g of 
•rM water -ac so* oent ociymer oetore duality improvement Ml a > obtained from the reference example i 

'^e <:jre -otamed was Drought mto contact #ttn air as earned out m the exampie 43 whereby me 
:ja'itvTc%w «jf«^ aosor bent ooiymer < *3 » was ootamed 



?»a^:M 4b 

Ar aT~*ou$ (<-iuid *as prepared by adding 12 g of poiy aluminum chloride anc 06 g of sodium 
^.irc^en t-f.te to 60 g of de*onued water 'otiowed by mixing This aqueous liquid was added with mixing 
*- ICO ; ;t *ate*aosorbent oofymer be'ere quality -improvement ( ll a ) obtained from the reference 
e«an-&*e * 

frw -ni.tuie cotined was put into a Mtuou'ed bed dryer and brought into contact witn air for 5 mmutes 
wn^ie >i .eating .n air oy an air current of 120 * C < a current amount of 1 m : mm. ). whereby me quaiity- 
•morovad water* absorbent oo«ymef < ) was oo # am*d 

Eiamoie 46 

An aoueous nquid was oreoared by aodmg 18 g of pory aluminum chloride and 0 6 g ot sodium 
n Myo>ogen su.hte to 120 g of oeonued water foiiowea oy rmxmg. Th*s aqueous liquid was added with mixing 
*o 300 g V me water-aosorbent poiymef before quality -improvement ( ll a ) obtained from the reference 
e*amo<e t 

The miVjfe cotawied was out .mo a *v<Uz*a bed dryer anc brougnt mto contact with air for i0 mmutes 
**<»e it is ' eating m air oy an a* current of 120 " C { a current amount of 1 m J . mm ). wnereby the quality - 
so improved water -aosor bent ociymer t 45 j *as obtained 



Examoie 47 

55 An aqueous uqma was oreca/ed oy adding 30 g of pofyaiuminium chloride and 0 6 g of sodium sulfite 
'c 120 g ot ae*cnueo water fonowea oy mixing This aqueous dquid was added with mixing to 300 g of me 
water -aosoroenr ooiymer oetore quality -morovement (Ha) obtained from the reference example 1 

The mi«oire co tamed «as brougnt mto contact witn air as earned out m the example 46. whereby the 
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quality 'improved water-absorbent polymer f 46 ) was obtained. 
Example 48 

An aqueous liquid was prepared by adding 6 g of poiyalummum chloride and 1 5 g of sodium nydrogen 
sulfite to 60 g of aetonized_water followed by mixing. This aqueous liquid was added with mixing to 300 g of 
the water- absorbent polymer before quality improvement Ml a ) obtained from the reference example I 

The mixture obtained was put mto a fluidized bed dryer and brought into contact with air for 5' minutes 
while it is floating m air by an air current of 150 C ( a current amount of I m- mm ). whereby the quality- 
improved water-absorbent polymer ( 47 ) was obtained 

Example 49 

An aqueous liquid was orepareo oy acomg 5 g of aluminum sulfate and 15 g of potassium sulfite to 75 
} of deiontzed water followed by mu-ng This aqueous uquid was added *ith mixing to 300 g of the water* 
aosdroent po'ymer before quality -<mprovement Mi a t obtained from the reference example 1 The mixture 
octamed was out into a Muidmo bed irye* ano brought mto contact with air for 15 mmutes while it 'S 
floating in air by an air current of 120 C t a current amount of t m- mm ». whereby the quality-improved 
Aater-aoscroent polymer * 48 ) was jotameo 

€-amo*e SO 

cr"-:-MLire V e -ampie 49 *as 'eoeated e»ceo< mat the same amount of ammonium sulfite was 
' iteao c o-:tassiurr. sulfite -n -}«amo'e 49 wnereby the quality *«mcoveo *ater*aosoroe«"»t polymer f 
1 a is :Ciair*~j 

r^ce^ure m J examoie~49 «as 'eoeared et^eot mat the same amount of potassium nyflrogen sulfite 
*%3 -jsrrj *s;ead 0* octassmm *u.Me <n -»«amo*e 49 wne^eby me qualitv-morcved water-aosorbent 
-?r 60 **s jctaineo 

w T n« r*ocecure o< example 49 «u '•oeate'i *«ceot mat me same amount of ammonium nyorogen 
sU' te^was y$*c -nstead 0* ootas$*um suiMe n *iame4e 49 *mereoy me quality-improved water -absoroent 
^: . Ti*>t 1 51 ) *as obtained 

r *^;J&«?aHcedur* of e*amo*e *9 «as reoeated e*ceot mat tna same amount of potassium thtosuifate was 
('sed mstead of potassium sulfite m **amo»e 49 «n«ret>y the quaftty-*mproved water-absorbent ooiymer 1 
e £^*as setainec 

5 -. : amoie 54 

Ar jojeous 'iq-'C *as of»aa*eo cv ajoicq 6 g d aluminum sulfate and 15 g o< potassium sulfate to "5 
-j :t jetcni^eo water tonoweo cy m.ung Thu aqueous liquid *as adoed *»tn mixmg to 300 g of the water- 
aCso*eent oo»yr**e* before ouauty -morovement 111 a 1 ootamed from me reference example 1 

*>e "Mature obtained was out mo a '*u*di*ed bed dryer and brought mto contact for 15 mmutes at 
'20 C w'n a mutme gas current M m# lew oomt 80 "C ( a current amount of 1 m 3 mm 1 comoosed of 
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water steam and air while the mixture is floating m the gas by the gas current, whereby me quality 
improved water-absorbent polymer { 53 ) was obtained. 



Example 55 

An aqueous liquid was prepared by adding with mixing 12 g of polyaiuminum chloride and 06 g of 
sodium hydrogen sulfite to 70 g of an aqueous medium which is a mixture composed of 60 g of deiomzed 
water and 10 g of ethanol. This aqueous liquid was added with mixing to 300 g of the water -absorbent 
polymer before quality -improvement ( u a ) obtained from the reference example \. 

The mixture obtained was out into a fluidized bed dryer anc brought into contact with air for 5 minutes 
while it is Moating m air by an air current of 120 ' C ( a current amount of 1 m 3 mm. j. whereby the quality- 
improved water- absorbent polymer ( 54 ) was obtained. 



Example 56 

Two aqueous liquids were beforehand separately prepared by adding 6 g of polyaiuminum chloride to 
45 g of cJeionued water followed oy mixing and by adding 15 g of sodium hydrogen sulfite to 45 g of 
seionued water followed by mixing. Then, these liquids were mixed ;o get an aqueous liquid containing 
ooiyaiummum chloride and sodium hydrogen sulfite This aqueous liquid was added with mixing to 300 g of 
tne water -aosoroent oolymer before quaiity-imorovement ( II a ) obtained from the reference example i. 

The mature obtained was put <mo a 'luidueo bed dryer and brought into contact with air for 30 minutes 
*^tie <t «s f'oating m air by an air current of *0 " C ( a current amount of l m J mm ). whereby the quality- 
■moroved *ater -absorbent ooiymer < 55 t was obtained. 



E-arro'e 5' 

An jcuecus »»ovid *as p^eoa/ed oy adding witn mmng 6 g of aluminum acetate and 15 g cf sodium 
-.J';jer sjiftte to 60 g of detomjed water This aqueous liquid was added with mixing to 300 g of the 
^jte'*icso»cent polymer before auaMy improvement mi a > obtained from me reference example i 

f-* mature ootamed was put *nto a ttuidued bed dryer and brought into contact witn air for 30 minutes 
An.»e >: is itoatmg m air oy an air current of 60* C ( a current amount ol I m- mm ). whereoy the quality- 
rroov*! *)t*f -absorbent po'ymef ( 56 » was Obtained 



E*amo»e 53 

rh« orocedure of example 57 was reoeaxed «*ceot that the same amount of aluminum nitrate was used 
•nstead of aluminum acetate *n example 57. «nereby tne Quality improved water-absorbent polymer ( 57 ) 
*as obtained 



Examoie *> :ompanson 9 

To 300 g o< (he water-absorbent oo<ym«r before quaxty-improvement ( II a ) obtained from the 
reference example I was added wttn mixing 36 g of an aqueous solution containing 6 g of polyaiuminum 
chloride and. to tne obtained mixture. IS g ot sodium hydrogen sulfite was added and mixed. 

The mixture obtained was brought mto contact with air as earned out in the example 30. whereby the 
«a!er-aosoroent oolymer for comparison f 6 » was obtained 



Example 'or com oar son iq 

r o 300 g of the water -absorbent ootymer before quality-improvement ( II a > obtained irom the 
reference e<amo*e I were added 6 g of polyaiuminum chloride and mixed in a dry system. 

The muture obtained was brought «nto contact with air as carried out in the example 30. whereby the 
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water-adsorbent polymer 'or comparison ( 7 ) was obtained . 



Example for comparison t 1 



3 



To 300 g of the water-absorbent polymer before quality -improvement (Ha) obtained from the 
reference example i were added 6 g of aluminum sulfate and 9 g of sodium hydrogen sulfite and mixed m 
a dry system. 

The mixture obtained was brought mto contact with air as carried out in the example 36. whereby the 
to water-absorbent polymer for comparison ( 8 > was ootained. 

Example for comparison 12 - ■ - 

'5 To 300 g of me water-aosoibent polymer oetore quality 'improvement ( n a i obtained from the 
reference example i was added 9 g of sodium hydrogen sulfite and mixed m a dry system. 

The mixture obtained was Drought mto contact with air as earned out in the example 36. whereby the 
water-aosoroent polymer for comparison ( 9 ) «as oo tamed. 

:o 

Example for :3mpar»son 13 

the -nature ootained *n *he example for :omoanson 8 *as brougnt into contact with air as earned out 
.n :p* examoie 30 *nereOy the wate*- absorbent polymer tor comparison ( 10 ) *as obtained 



Trie ^ais^c^ved *ater-aosoro*nt oot,mers ( 29; > - ( 5" > whtcn *ere obtained from the examples 
30. - S3 **e *«ter-dOSOroent polymers for comparison ( 6 v-i i0 > which were ootained 'rom the examples 
* :r ;-5mca/i$on 9 - 1 3 me water*aosort»nt ociymef oetore Quality improvement ( it a > wh<n was ootained 
i rrr~. ?ie 'ere'*nce example i and me ware* acsor bent polymer before quality •improvement ( ii o ) which 
was -sed ~e ample 3t. eacn of ail those po*rmers was evaluated according to the same methods 
-r*n:oneo n -»«ampie 29 tor me amount ot snys*oiog»eai sat«ne absorotion. the fluidity, and the amount of 
.< ■•rviuaJ mencr-ers 

a.?st- :s snown .n TaO»« 2 



£,amo*e 5Sh 
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Table 2 
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ditto 


(33) 


4 3 
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: © 
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© 
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1 4 8 
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© 


© 
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ditto 


( 41 ) 


4 7 


© 
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© 
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© 
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© 
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© : 


© 


© 


3 8 
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© 


5 4 
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© 


© 
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© 


(ft 
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© ! 
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© 


63 
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© : 


© 


2 5 


ditto 


(SI) 


4 5 




© i 


© 


5 1 


tlo 


(55) 


45 




© 


© 


1 3 


J! tto 


( 56 ) 


4 3 ' 


© : 


© • 
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© 1 
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As seen m Table 2. the polymers which were improved in quality according to the methods m the 
present invention held the fluidity even under a nigh humidity condition and showed, almost no attachment 
against' a metal surface. Also, the amount of residual monomers m the water-absorbent polymers, which 
5 were improved m quality according to the methods <n the present invention, was quite few compared to the 
water-absorbent polymers before quahty-tmprovement and the water -absorbent polymers for comparison 
which were treated with the other methods 



»o Claims 

1 A process for producing a Quality -improved water-absorbent polymer tn which the aqueous liquid ( l ) 
which is obtained by mixing m an aqueous medium at least one kind of a- water-soiubie salt ( A ) selected 

from a grouo of haiogenated compounds sulfates, acetates, and nitrates, which are derived from at least 
»5 one wmd of a ooiyvaiem metai selected from a grouo of aluminum, calcium, and magnesium, with at least 
one <mo of a water-soiuoie salt < B ) selectee from a group of monovalent metal salts and ammonium salts, 
whicn are derived from at least one vmc of an oxyaod selected from a group of sullurous acid and 
tniosuifuf'C acid. <s m»*ed with a water-aoscoent coiymer ( II ) m a proportion ol that the water-soluble salt 
5i the ooiyvaient metaJ \ A ) »s m a range of 0 t - 10 parts by weight against 100 parts by weight of the 
;o * ater -absorbent poiymcr ( it ) and me watef-soiuo*e salt of the oxyaod ( 8 ) is m a range of O.i - 10 parts 
by weight agamst 100 oarts by wetgnt of me water-absorbent polymer ( H ) 

2 4 orccess tor oroducmg *ne quant v-< more* e<? water-absorbent polymer as claimed m clam i. m 
*nicf me aqueous ;>cuid < I \ <s ootameo bv oeio* .nand adding with mixing me water -soluble salt of the 
c;i/.aient meiai * A t ano the wate*-soiuO»e sait o« tt*e oxyaod ( 8 ) to an aqueous medium. 

3 a crocess for O'Oduong me oaiay-moroveo water-aosorbent poiymer as claimed »n claim i. m 
A-i.cn aoueous itquid • ■ » -5 -otai^ed oy mat an aqueous solution of me water -sotuotef salt of me 
.*:«#.a»e«t **erji i A . and an aqueous so'ut.on of :*e water -soluble salt of me oxyaooy B j are jDeforenand 

car ate*, creoa/ed and men ^»«ed witn ->ne another f 

4 a o'?c*5s tor oroducmg the ^ua*» , y-»r*'Ofov«*d *ater-atosoroent polymer as claimed m claim i. oetng 
z~r. &i.e-3 oy *nat me aqueous "quks • ■ s mi<e** **m the water- aosorbent polymer ( ll ) and further. 
* it*** * 

5 a r»fy:*ss Jc OfOOucng fne quality -imc* a* ed water -aosoroent polymer as claimed in claim t. *n 
*n,r« *h» *atc*«o<uOM» sait oi ?ne ooyvaier*! metal ' a M $ a waier-soiuoie sait of aluminum 

6 A process 'or o'oductng me auat»ty-m proved water-aosorbent ooiymer as claimed in ctaim I. »n 
*".cr^ re *at*r-sou-o.e salt of tne :«/ae«d » e i <s an aikaii metal salt 

* a cxess *y oroduong me duality -m or cveo water-aosorbent ooiymer as claimed in claim I m 
*n-c* -re aqueous iqu<d ( I > s n j range c* t - -20 oans by weight against 100 oarts by weight of me 
*dte'-acscfOe^t ooiymer < u > 

S A process for producing 3 3uaM # -mcoveo water -aosoroent polymer being specialized by mat an 
tr >3ueous arjwc * i i . wrucn is octa«ned Cy Tvimg p an aqueous medium at least one kind of a water -soluble 
satt . A* > selected from a grouo 0' "a*>}enated comoounds. sulfates, acetates, and nitrates, which are 
jertved *>om » least one hind c» a oo<y*a»e«t ~.etai selected from a group of aluminium, calcium, and 
magnesium w*m at least one una c* a «ater-so'uCie salt f 8 t selected from a grouo of monovalent metal 
5 arts and ammonium salts, wtiicn are 3e*>ved from at >east one kind of an oxyaod selected from a group of 
^fu^us aod and m*osuifur< acid, s mi«ed *«m a water- absorbent ooiymer ( II ) m a proportion of mat the 
«a:er-ouM sait of me po*vva*ent met* < a » s »n a 'ange ot 0 1 - tO pans by wagm against i00 parts by 
^ -,^3 ; ; we*gr( or me water-aosoroent coiymer ;i 1 and the water-so*ub»e sait of the oxyaod ( 8 ) is m a range of 
' -" T 0 carts tv wetgm against iOO oarts Sy wetgnt of the water-aosorbent polymer ( II ). wnereby the 

'^fe -r^j-' r^ature ootatned »s comouisomy contacted witn an oxygen-containing gas. 

W?^''^-- 9 A orocess # cr producng me Quarry -moroved water-aosorbent polymer as claimed m claim 3. m 
* r .^ r «n, c ri the aqueous : »nujd \ 1 - s cciamed ov beforehand adding wim mixing the water-soluble salt of the 
octwaien? me*ai 1 a , ar>] me *ate*-so»uo»e salt of me o»yacid I 8 ) to an aqueous medium 

*Q A yoress f c s*oduc ng 3uanty-<moroveo water-aosorbent polymer as claimed «n claim 8. <n 
*mc« *re acuecus -iukj « 1 • s : tamed Oy mat an aqueous solution of the water- soluble sait of me 
;-2'¥.4»ent -^e»ai . a and an aqueous solution ot me water-soluble salt of the oxyaod < 8 ) are ceforehand 
:ccarate<y oreoare'3 arvj *nen m< a ed w*m one another 

' ' a crocess "y o*cTjcrg r^e :uai«tyMmoroveo water-absorbent ooiymer as claimed m ctaim 8. being 
c**: a-^*^ c . ^at m* — «T-jf* o* me aqueous liquid ( ' > and me water-absorbent polymer mi / .s brought 
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into contact with an oxygen-containing gas by Moating those in the oxygen-containing gas or by agitating 
those in a current of the oxygen -containing gas 

12. A process for producing the quality-improved water-absorbent polymer as claimed in claim 8. in 
which the oxygen-containing gas is at (east warmed at 20 " C. 

13. A process for producing the quality-improved water-absorbent polymer as claimed m claim 8. m 
which the oxygen-comammg gas is air 

14. A process for producing the quality-improved water-absorbent polymer as claimed m claim 8. m 
which the water-soluble salt of the polyvalent metaJ ( A ) is a water-soluble salt of aluminum. 

15. A process for producing the quality -improved water-absorbent polymer as claimed m claim 8. in 
which me water-soluble salt of the oxyaod I B > <s a salt of an alkali metal. 

16 A process for producing the quality -improved water-absorbent polymer as claimed m claim 8. in 
which the aqueous liquid ( I ) is m a range of i - 1 20 parts by weight against 100 parts by weight of the 
water-absorbent polymer ( il ). 

1 7 A quality-improved water- absorbent polymer which is produced by a process described m any one 
of claims i - 16 
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r; This invention relates to a process for producing 
a quaiity-tm proved wtter-aosorbent po'ymer m which 
tne aqueous bqmd ( I ». wroch is obtained by mmog 
m an aqueous medium at least one kind ct a water- 
soluble salt ( A i setected from a group of najoge- 
nated compounds sulfates, acetates, and nitrates 
which are cenved from at least one kind of a pofyva- 
fry lent metal* selected from a youp o* alummum cai- 
•^fE. cjum. and ? magnesium with at least one kind ol a 
^ ^| ^ater^sofub*e salt- ( 8- > selected from a group of 
^monovalent metal." salts and ammonium salts, which 
A^Olfe 11 ® derived from at; «east one kmd of an oxyaod 
'(0v selected from a group of suifurous acid ano thiosui- 
00/- tunc acid. <s mued with a water-absorbent polymer ( 
W II ) m a orooortion of mat the water-some* sait of* 
q tho polyvalent metal f A » >s in a range of 0 t - 10 
parts by weight against 100 parts by *e*gnt of the 
~ water-absorbent ootymer { u ) ano the water-soluble 
salt of rne o»yaoc r 8 ) <s m a range of 0 t - to 
parts oy weight against 100 oarts Dy we^nt of the 



water-absorbent poiymer ( (I ) The mixture which is 
ootaineo by mmng the aqueous liquid ( I ) with the 
water-absorbent polymer ( il > has relatively im- 
proved capacities «n the fluidity and the amount of 
'CSJOuaJ monomers, rhts invention dsoiays a more 
sufficient effect by compuisoniy brtnging tne mixture 
»nto contact with an oiygen-contaming gas 
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